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Photograph taker by flach—Light looking towwtds the Head Gate. 
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‘The Ontario Powor Company of Niagara Yells. 


On August 6th, 1922, the steo] plete conduit, known as Conduit Ho. 1, of 
fhe Ontario Power Company . lyy at Wiegere Yalls, Ontario, having 
been emptied of water, in compeny with Mr. Il. G. Acros, Chiof Itydraulic Mnginger 
of the Rydro-Zlectric Power Comission, end Mr. Thos. Ne Noge and lr. J. Rs Monta- 
gue of his steff, I made « careful inspection of its interior, Ur. H. C. Don 
Carlos, Chie? Operating Yngineer of the Mydro-—leatrice Power Commission, with 
Mr. G. 0. Philp, Superintentent of The Onterio Power Company, and several mexbers 
of hia staff, were also examining the conduit at the same tine. 

We walked through the entire length of the conduit, from the headgste to 
the ponstocks, and every member of the party carried an artificial light. With 
the exception of a narrow part of the invert of the conduit, over which a shallow 
stream of water was rumming as ® result of a minor leskage in the sesls of the 
headgate, the whole of the interior surface of the conduit was visible. The gen- 
eral view of the conduit, bowd herewith as s frontispiece, shows the conditions 
quite clearly. Having noted such mutters of interest as developed during our 
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Journey to the end of the pipe, we embraced the opyortunity of discussing them 
and making farther examinations on the return journey to the headgate. 


The conduit was refilled and put into service on August eth, 1922. 


The water diverted from the Niagara River for the use of The Ontario Power 
0 Me lena snap in contuoted from the intake end forebay at the edge 
of the river through three underground conduits to the penstocks Leading to the 
turbines in the power house ge below the Valls. the water is 
admitted to ‘the conduits Ory headgate for each Coninh ts the 
@istence from the headgates to the ponstocks 1s 6,500 foot. tho conduits have 
@ total drop of 28 foot from the naenret to the penstooks, with a grade which 
is almost wiiform. the eligment of the conduits a“ by curren of ong — 
through © total deflection of nearly ninety degrees to the right as one travels | 
from the headgates to the penstocks. c 

The first conduit which was installed is made of stool ein and ts deste 
nated Conduit Hoe 1. It is the most westerly of the three, the onsen’ line of 
the conduits being in a northerly direction, This conduit is of pine section 
with an internal diameter of 16 feet. The second conduit which wis built is con~ 
structed of reinforced concrete, and is on the river side of Conduit Mo. 1. . It 
ig known a9 Conduit Moe 2 The section of Conduit No. 2 is that deseribed 
technicslly as a “hydrostatic chord”, and has an area equivalent to that of 
circle 18 feet in diemeter. The third conduit, known as Conduit No. 3, wes com 


“gages ext a ta wxderest bee nine a att on meron He EER 5 
ot 9? gauttoes exodnae ate oe aepehame fate ri tet ' tt rs | 
st wien oat? osha ault ees wg yt 4 ps y 1 se 
| age attabnas doe 20% Secale me aed 


By oe ¥ 


: erat adtsnana et oo ota, ot wiser co ° ay woe : a . 


te bath fawn oak sn ab, Yo (leet, a eb we se Sete 
wad fame spdsentee ep a Pete LER wwtownts glee maa yEto: sieht! a 
wen. wt titud seer fod cive, 3byeeoe, Ieee Met tee, te ae. rietvon tly Sexwet rth we ste 4 


of aii ARabsE 20 abla spe out no ot het gad nee Beaedtated to beiterite 


dediunwas dade ok 2 2a Shoda) Sy mmitver et) a wa Cheat oo oneal at 
ee. ee 


& 2G tae oh sonleriepe cewe os Bert sai ted. yi viii 
00 aay © .0i Diwhend aa mauct tibet Bett wat stohenel xt dow Of eloxte + 


Watter J. Francis & ComPANY. si 
Copy ror EncLosure TOM, Je Allan Ross, 


pleted in 1919, on the river side of Conduit No. 2, thet is nearest to the Niagara 
River. It 1s a wood-stave conduit of circular section measuring 15 feet 6 inches 


Conduit No. 1 was built during the years 1903 and 1904 as part of the original 
installation of The Ontario Power Company of Niagara Valls, The engineers of the : 
development wore Messrs. P.M, and Le le Num, and ke. 6. H. Mitchell ( now General 
Mitchell) was Assistant Chief Imginoer. itr. Thos. H. Hogg was resident engineer 
om the construction work. Cc O Pp v | 

the plates used in the manufacture of the pipe are of steel, 1/2" in thick- 
ness, rolled in Scotland. The fabrication and erection was done under contract 
by Messrs. Jenckes itaghine Co«, of Sherbrooke, Quebec. All plates ure 961/2" 
wide, the length boing such that three similar plates make up the circumference 
of the pipe. The longitudinal joints aro accordingly 8° 0" centre to centre. All 
joints are lapped 2-1/2", rivetted with 7/8 rivets, and canlked on the inside. 
All rivets have full row heads, and are not comtersunk. The cirewferential 
joints are arranged so that the sections telescope with all tho caulking edges’ 
downstream, The longitudinal joints are located at the contre line at the top, 
and at a distance of one-sixth of the circumference from the bottom centre iine, 
being staggered therefrom shout sixteen inches from section to section in ail 
gases to simplify rivetting. Stifmess was provided for the upper part of the. 
steel shell of the conduit by rivotting stifferers thereto on the outside at fou 
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feet centre to contre, spaced so that the rivetted circumferential joint comes 
nidway betwoen two adjacent stiffeners. The stiffeners are composed of a single 
7 pulb-tee weighing 25 pounds per lineal foot, continuous over the top of the 
shell snd ending two fect below the axis of the shell on oither side. tho base 
of the tee is rivetted to the shell with 7/8" rivets at about 6 inches centre to 
(he steel shell rested ino trench, part of which was in rock excavation 
and the remainder in ourth. fhe specifications required careful bock~filling 
and temping. Throughout its length the steel shell we surrounded on the exterior 
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ity. 


Conduit Ho. 1 was put into service on Anguat 27th, 1905. It was mwatered 
im 1906 for the purpose of maxing repairs to certain valves, and again in 1914 
for a brief Inspection. ee 
condition of the conduit on either of these occasions. 


General Mitchell and Mr. Hogg have informed me that the interior of the con- 
' @eit received three coats of asphaltwa paint applied strictly in accordance with 
the rules of the art, and that oop ae Mee ee eee vee eee 
before the vonduit was put into service. 


si indiaioulitinbat ig sass iit! wand its headgate and 
opening the penstocks leading from it, care being taken to drain it slowly so as 
to avoid strains due to scowulated pressure on the exterior, The wwetering was 
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completed in the space ef shout two hourge 


We entered Conduit No. 1 at eleven o'clock in the morning Of Angust 6, 1922. 
I remained in it fully cocupied with the inspection until nearly two otclodk in 
the afternoon, when I came ont to amplisy the notes I had made while within bits 
Aores, Mrs Hogg and Mr. Montague remained within nearly two hours longer, and on 
emerging they confirmed the notes I had written. 

The temperature in the conduit wus about 70° Pahronhelt, and the Inmddity 
was Vory marked. Ee tC) Bet Yrs wing opming the outside 
aix at both ends of the conduit. 

"We had flashlight photographs taken as a record. “he picture incluled aa a 
frontispiece shows the general condition clearly.  _ 


Throughout the interior surface we could not find any trace of paint reooge 
nizable as suche 


fhe surface of the steel plates and the rivet heads ware free from heavy 
slime. Indeed, there was little or no trace of a slippery condition. About ten 
per centum of the area of the steel was as smooth as when it left the rolls, a 
great deal of this emooth surface giving one the distinct impression of the blue 
mil] surface of the original plates. The balance of the surface was covered with 
a deposit, part of which seemed like a light coat of rust and the reminder like 
& calcareous incrnstation of irregular shape about one sixteenth of an inch in 
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thickness, and in some enses more. Upon removing this deposit from the surface 
with = knife blade, no trace of pitting of the steel was found, but there is a 

general oxidation one one-himdredth of one inch or possibly one sixty-fourth of 
one inch in depth. This applies to the rivet heads as well as to the plate. On 
the whole the surface is in excellent condition. 

‘In studying the incrustation, we observed many small worms crawling over 
his’ elreias Of is ‘pipe, 90 numerous in places that half a dozen or more covld 
be found within an eres of one square inch. They were of whitish color, about 
three-quarters of an inch in length, having somevhat the appearance, one might 
say, of emnaiated gurten mmfila( Yuledylbtly we examined the racks at the in- 
take of the Toronto Power Company, a short distance downstream from the intake of 
The Ontario Power Company, and there on the steel bars below the water surface _ 
we found similar worms living in small calcareous houses apparently constructed 
out of a web secreted by the worm itself, These worms on tho racks were dark in 
color, but we attribute this difference in appearence to the theory that those in 
Conduit Ho. 1 were either dying through being exposed to the air, or had become 
light in color owing to absence of sunlight. We endeavoured to ascertain the | 
entomological classification of these creatures, and we believe them to be caddis 
worms. For present purposes, however, beyond recording the fact of their presence, 
it does not appear that any useful purpose will be served in following the sub- 
ject, as there is nothing to indicate that these organisms will injuriously affect 
the steal of the conduit, although a slight degree of retardation of flow mst 
maturally result. : | 
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fhe photograph included herewith as page 6 shows in clear detail the cone 
dition of the surface of the interior of the pipe. A portion of the surface of 
the steel between the rule and the chisel, as well as 4 rivot head three inches 
above the bottom of the rule end two others near the bottom of the chisel, wo | 
scraped and rubbed earefelly. fhe balance of the surface within the field of the 
picture is as we found it. Along the caulking edge of the plates may be seen 
some of the caloareous incrustations,. Certain of the large formations in the 
picture are also inorustations. The mill surfaces of the steel plate may be 
readily identified in the lighter colored, erec-Lovkiag arease The high lights 


in the picture, as for GW As ea heads, result from the use 
of the flashlight, and are Hot interpreted as polished surfaces. 


™ several places we noted irregular deposits of yellow color, half en inch 
or more in thickmesus, the patches being thickest in the centre and tapering off 
to nothing at the border, We removed several of these patches, and found no trace 
of pitting beneath them. Subsequent analyses in the laboratories of the Hydroe 
Blectric Power Commiasion show the semples to be largely lime, silica, iron oxide 
and organic matter with traces of sulphur and magnesium. I am of the opinion that 
these patches have no significance. 


The aligament of the conduit is for the most part perfect, and there is no 
evidence of any recent movement or distortion. I am of the opinion that the steel 
shell is in the same condition as regards sligument as it was when completed, and 
that there has been no effect thereon as a result of ite filling, its long use or 
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Interior of Conduit Hos i. 
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Photograph taken by flash-light. 
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its emptying. In two places where the wmevermess occurs in the invert, as con~ 
firmed by reference to the construction engineers, there is s small arack, but 
there is no evidence of recent origin, and I am disposed to believe they were 

there umoticed when the pipo was completed. As they do not refer directly to 

the subject matter of this report, I have not pursued the study of them, In any 
event they 4o not impair the service of the conduit in any way. 


 Qm Heptember 16th, 1922, I meade an oxsmination of the exterior of the con- 
duit in company with Mr. malas, QaPuXore noar the entrance to the elevators 
and about a himdred yards southerly therefrom. Ur. Moutford, Nedchanical super~ 
visor of The Ontario Power Co. was also present. During construction an inspec- 
tion manhole had been made leading down to a drainage system, in which about one~ 
third of the cireusference of the stee) ahell for a length of three feet has been 
Left exposed ever Ginoes he conditions here are as severe as one one, canosive 
in work of this nature. The ateel is found to be deteriorated to a depth of one 
thirty-second of one inch and in somo places to probably one sixteenth of one inchs 
This depth of deterioration was subsequently confirmed by drilling a smail hole 
through the steel plate, Little trace of the origins] asphaltw: paint remains. 


| ir. Philp has mde on excavation through the earth and the concrete en~ 
ss walope to determine the condition of the steel shell at « point about 100 feet 
south of the power house of the Canadian Niagera Power Co. He found about 6 
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feet of earth cover, with good concrete 12 inches thick on top of the steel. He 
reports that there is not the least trace of rust on the steel, and thet the 
paint on the exposed stiffener tee is in good condition. This examination was 
made on Septexber 25th, 1922. 


oe: i 
Prom the examinations referred to, which show the condition of the con+ 
duit after seventeen years of continuous service, I am of the opinion that 
the remaining usefoal life of the conduit itself is probably fifty youre, In 
the interior the condition in (ughof-tos¥, after the long period of service, 
were almost exactly what I should have expected to find after six months of 


service. 


In general, I believe the conclusion may be safely drawn that the waters 
of the Ningara River have no unduly detrimental effect, physically or chemically, 
on steel conduits used in the manner in which Conduit Mo. 1 has been used, and, 
gonsequently, that steel may be safely used there with the confidence that its 
useful Life will be vary long and comparable in 6 great measure with the life 
of other construction materisls ordinarily considered as permanent. 


Toronto, Heptermber 26th, 18224 
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